achieved, these approaches coupled with studies related to large scale relative plate motions have 69
shown that the current tectonic plate setting of the Iberian Peninsula has changed significantly over 70 geological time (e.g., Roest from Portugal, northern Iberia and western Pyrenees. The GNSS data were processed by using the 138 GAMIT/GLOBK software (www-gpsg.mit.edu), by adopting the strategy described in Appendix A 139 of the Supplementary material section (see also Palano, 2015 for additional details). By using the 140 GLORG module of GLOBK, all the GAMIT solutions and their full covariance matrices are 141 combined to estimate a consistent set of positions and velocities in the ITRF2008 reference frame 142 (Altamimi et al., 2012) . 143
To improve the detail of the geodetic velocity field over the studied area, we perform a rigorous 144 integration of our solutions with those reported in Serpelloni et al. (2007) , Koulali et al. (2011) , 145 Echeverría et al. (2013) and Gárate et al. (2014) . In particular, since our solutions and the published 146 ones share several common stations, we aligned their velocities to our ITRF2008 solution by 147 applying a Helmert transformation, obtained by solving for the transformation parameters that 148 minimize the RMS of differences between velocities at common sites. The average discrepancies 149 are small, and the RMS velocity difference for the common stations is less than 0.4 mm/yr. The 150 resulting velocities and their 1σ uncertainties, aligned to the ITRF2008 are reported in Table S1 . 151
To adequately show the crustal deformation pattern over the investigated area, we align our 152 ITRF2008 GPS velocities to a fixed Eurasian reference frame (Cannavò and Palano, 2015 ; see also 153 Table S1 and S2 of the supplementary material section). The resulting velocity field, with error 154 ellipses at the 95 per cent confidence level, is shown in Fig. 3 . 155
It is well regarded that the formal, standard error of the GNSS solution underestimates the true 156 uncertainty in the GNSS velocities. Roughly speaking, the error spectrum for most stations is 157 usually represented by a combination of seasonal signal, white noise and flicker noise (see 158 supplementary material for details). To properly infer valuable information about the crustal motion 159 currently occurring on the studied area, the noise effects on velocity estimates need to be taken into 160 account. To this aim, we account for temporally correlated noise in each continuous GNSS time 161
series by using the first-order Gauss-Markov extrapolation (FOGMEX) algorithm proposed byThis aspect could be mainly related to the monument instability of the station. In particular, a 171 number of the analyzed GNSS networks has been developed to support commercial applications, 172 such as mapping and cadastral purposes and stations are characterized by a wide variety of different 173 monument types. Pillars, or steel masts, anchored to buildings represent the largest number, while 174 monuments directly founded on consolidated bedrock are present in minor percentage. Hence, the 175 observed geodetic monument instability is due to varying conditions of the anchoring media (e.g., 176
soil, bedrock, building, etc.) coupled with local processes (i.e., soil humidity content, water (Fig. 3) . 207
Stations located on the southern sector of Betics moves toward SW; this, coupled with the NW 208 motion of stations located in eastern Rif clearly, depicts a NNW-SSE to N-S contraction of the 209 Alboran Basin. Moreover, the western sector of the Alboran Basin seems subject to an E-W 210 elongation due to the westward motion of stations located on the central sector of the Gibraltar Arc. 211
A differential motion of ~0.3 mm/yr between the stations located externally and internally this area 212 can be recognized, resulting into a minor E-W contraction of the arc (Fig. 3) . As we estimated previously the only plate boundary segment with parallel vectors for the SWand we limit its dimensions from the Gibraltar Strait to the Gorringe Bank, with a maximum length 273 of 450 km. As seen in Fig. 5a , this model is a first order approximation consistent with the observed 274 velocity pattern. Exploring the parameters of this expression to fit the observed velocities along the 275 selected profile, suggest that n is poorly constrained within values ranging from n=1 to n=10. In 276 general, if n increases the model predicts shorter L distances (L≤100 km). Although, L can be 277 numerically small to obtain decay rates consistent with the observed parallel velocities, we favor a 278 longer segment to explain the observed velocity decay not only in the analyzed profile but also as 279 an explanation for most SW Iberia region. An alternative is to consider a box-car boundary 280
condition for the applied tangential plate boundary force. Such boundary conditions decrease 281 significantly the length scale as λ=L/( 4 √ n) , (Whitehouse et al., 2005) . Consequently, the power-282 law index needed to fit the observations increases to n ~ 3-5 for reasonable L values (~400-500 km). 283
We acknowledge, however, that a wide range of model parameters can be chosen to fit the 284 observations ( Fig. 5c and 5d) . 285
The main difficulty to constrain the model parameter space is the possible interactions with the 286
Alborán block and the lack of observations near the expected plate boundary at the Gulf of Cádiz, 287 e.g., the SWIM structure (Zitellini et al., 2009) , in an offshore region. Indeed, the observations 288 along the profile coincide with the length scales for which the exponential decay resembles, within 289 the observed errors, a linear decay. As a result, the current observations still not completely unique 290 to reject rigid block rotations. Moreover, it is plausible that both processes coexist to explain the 291 observed perpendicular velocity decay (Fig. 5a) , with a long-wavelength linear trend from an 292 inferred Iberian rotation block superimposed to the near plate boundary shear drag. Therefore, to 293 solve this question future seafloor geodetic observations must be considered. In addition, more 294 advanced two-dimensional physical modeling is currently under development to gain insights of the 295 whole pattern of observations of this complex plate boundary. Although non-unique, simulations 296 based on reasonable values, as shown above, suggest that observations can be partially explained 297 using a simple physical model, without invoking undefined lithosphere block fault/deformation 298 systems. 299 300
Crustal motion of the Baleares promontory 301
Another interesting feature well recognized on the dense geodetic velocity field is the different 302 motion between the Baleares promontory (BalP in Fig. 1 ) and the Catalan coastal range (NE Iberia, 303 CCC in Fig. 1 ) that suggests the presence of a shear zone on the Valencia Trough accounting for a 304 left-lateral motion (Fig. 6) . Seismic reflection profiles and bathymetric surveys carried out acrossCatalan coastal range and the northwestern margin of the trough and contraction structures along 307 the Baleares promontory (e.g., Perea et al., 2012) . Geological evidence of Holocene activity on 308 these faults suggests that they can accommodate the observed left-lateral motion between the 309
Baleares promontory and the Catalan coastal range (Perea et al., 2012) . Moreover, the observed 310 ENE motion of the Baleares promontory seems to be related to the present-day Eastern Betics 311 deformation process (see section 5.3.), therefore suggesting a structural and kinematic linkage with 312 the left-lateral strike-slip Trans-Alboran Shear Zone, a NE-SW trending tectonic lineament that cuts 313 across the southeastern margin of the Iberian Peninsula, through Eastern Betics, and crosses the 314 Alboran Basin (Fig. 6) . Since stations located on the Sardinian-Corsica block show no significant 315 residual motion with respect to stable Eurasia (see Palano, 2015) , this motion seems to be entirely 316 absorbed within the Liguro-Provenҫal basin. Furthermore, the differential motion between the 317
Baleares promontory and the northern Algerian margin suggests that a small fraction of the general 318 NW-SE Iberia-Nubia oblique convergence could be absorbed as right-lateral motion along the NE-319 SW-oriented Emile Baudot Escarpment (EBE in Fig. 6 ), which is considered as the surface 320 expression of a lithospheric right-lateral strike-slip fault system related to the boundary between the 321 continental crust of the Baleares promontory and the thin oceanic crust of the Algerian basin 322 
Crustal deformation of Betics 336
Eastern Betics are characterized by geodetic velocity vectors arranged into a WNW-to-NE 337 fan-shaped pattern (Fig. 6) . This pattern, which was previously described in Echeverría et al. We suggest that such crustal contraction is related to an independent tectonic block which, trapped 345 within the Nubia-Iberia collision, transfers a fraction of the convergent rate occurring along the 346 westernmost Algerian margin (Oran-Chlef region; Fig. 6 ) into Eastern Betics. The lack of high 347 quality P-wave tomography extensively covering the area does not allow us to put constraints on its 348 size and shape, however recent geological and geophysical data collected along the southern margin 349 of the Algerian basin clearly show the existence of an independent oceanic-type crustal block 350 (Medaouri et al., 2014) . 
Crustal deformation of Alboran Basin 367
As can be observed in Fig. 3 the Alboran Basin is not directly sampled by geodetic 368 observations, but valuable information can be inferred by considering the motion of bordering 369 stations. In particular, considering the stations located along southern Betics and north-eastern Rif a 370 NNW-SSE to N-S contraction at a rate of ~3.4 mm/yr of the Alboran Basin can be recognized. This 371 contraction is coherent with long-term geological observations and geodynamic reconstructions ofand pole of rotations in Table S1 ). In particular, several studies have pointed out that a prevailing 374 NNW-SSE contraction involving the entire basin and producing reverse and strike-slip faulting and 375 1999; Morel and Meghraoui, 1996) . The tectonic activity of the Alboran Basin is proved by 377 instrumental and historical earthquakes ( Fig. 2; Palano et al., 2013 and references therein) . Indeed, 378 the occurrence of moderate to high magnitude earthquakes characterized by a mixture of fault plane 379 solutions (from reverse to strike-slip to normal faulting) suggests that the general NNW-SSE to N-S 380 contraction is currently partitioned by some primary crustal/lithospheric tectonic structures (e.g., 381
Trans-Alboran Shear Zone, Yusuf Fault, Fig. 6 ). In addition, the differential motion between 382 stations located along the internal zones of the Gibraltar Arc (e.g., northern and central Rif) w.r.t. 383 those located along the northern (e.g., southern Betics) and southern (e.g. Shear Zone (Fig. 3) . Eastward of the Nekor fault the geodetic velocity field is characterized by 395 vectors ~NW-oriented, indicating a convergence rate ranging from 2.5 mm/yr to 5 mm/yr across the 396 plate boundary between Iberia and Morocco-Algeria regions in agreement with previous 397 estimations (e.g. Meghraoui and Pondrelli, 2012 and references therein). 398 399
Conclusions 400
The spatially dense crustal velocity field reported here allowed us to provide new insights into 401 the crustal tectonic processes currently occurring in the western Mediterranean Sea. At least two 402 main tectonic processes can be identified (Fig. 7) : 403 
